e performed a prospective, randomised study on 110 patients more than 50 years old with fractures of the distal radius to compare the outcome of conservative treatment with that using remodellable bone cement (Norian skeletal repair system, SRS) and immobilisation in a cast for two weeks.
Fractures of the distal radius in elderly patients are often unstable. The metaphyseal defect which persists after reduction can lead to malunion 1, 2 and decreased function. 3, 4 Most commonly, this fracture is stabilised with a cast or external fixation or Kirschner wires to hold the reduction until the trabecular defect has filled with new bone. 2 The reported results and rates of complication with these methods, however, are not entirely satisfactory. 5, 6 An alternative approach is to fill the defect primarily with a material which provides structural support. Both bone graft and polymethylmethacrylate (PMMA) have been used for primary stabilisation of fractures of the distal radius with good results, [7] [8] [9] [10] but morbidity at the donor site of the graft 11, 12 and the lack of osseous integration of PMMA 13 have reduced interest in these methods of treatment. Osteoconductive synthetic materials have become available and may provide some of the mechanical properties of bone. The Norian skeletal repair system (SRS) (Norian Corporation, Cupertino, California) belongs to this group of biomaterials. 14 The constituents of Norian SRS can be prepared as an injectable product which transforms under physiological conditions into a carbonated apatite similar to the mineral phase of bone.
14 An in vivo study has shown that Norian SRS is biocompatible, does not interfere with healing of the fracture and is remodelled by the same osteoclastic-osteoblastic process as living bone. 15 In a cadaver study, Norian SRS provided more stability than Kirschner wires for intraarticular fractures of the distal radius. 16 Two short clinical series have shown that this product can be safely used for these fractures 17, 18 and one study has compared Norian SRS with external fixation. 19 A comparison of SRS with conservative treatment has not previously been reported.
We have compared the outcome using Norian SRS with that after simple closed reduction and immobilisation in a cast for six weeks, in matched groups of patients over 50 years of age.
Materials and Methods
Between January and May 1998 all patients who presented with a fracture of the distal radius at our institution were included in the study provided that they fulfilled the following criteria: 1) age 50 to 85 years; 2) AO type A3 or C2; 3) occurrence of the fracture within 24 hours of presentation; 4) absence of associated injuries in the upper limb or contralateral wrist; and 5) absence of previous injuries to the fractured wrist. They all gave their informed consent. There were 110 patients and they were randomly selected for either closed reduction, stabilisation by Norian SRS and a cast for two weeks (SRS group, 55 patients) or closed reduction and a cast for six weeks (control group, 55 patients). In all patients the injury had been caused by a fall from a standing height; there were no high-energy injuries. Tables I and II summarise the initial features for both groups. There were no significant differences between them in terms of age, gender distribution, side or type of the fracture, initial displacement or instability of the fracture according to the score of LaFontaine, Hardy and Delince. 20 Only nine patients in the SRS and six in the control group were manual workers. All patients in both groups were treated by the first author (JSS). Treatment protocol in the SRS group. The fracture was reduced in traction using a fingertrap system monitored by fluoroscopy. After closed reduction, an elevator was introduced into the site of the fracture through a dorsal, longitudinal, incision of 1 cm to remove haematoma, debris and loose fragments both towards the subchondral area and proximally to provide a regular cavity which was flushed with saline. A 5 cm 3 Norian SRS pack was then mixed and injected, filling the defect. Traction was maintained, fixed to the surgical table, to ensure that no movement occurred while the cement set. The time of injection was always less than two minutes. The limb was then kept immobile for a further ten minutes to avoid disruption of the cement. The skin was when closed and a below-elbow cast applied in slight volar flexion and ulnar deviation. Active assisted movement of the digits, elbow and shoulder was encouraged. The cast was removed at two weeks, after which the patient was allowed free use of the affected wrist for daily activities, avoiding heavy loads until 12 weeks after fracture.
Treatment protocol in control group. The fracture was reduced using traction and closed manipulation. A belowelbow cast was applied in slight volar flexion and ulnar deviation. Active assisted movement was encouraged for the digits, elbow and shoulder. Some degree of redisplacement occurred in 38 patients, requiring manipulation and a change of cast. The cast was finally removed at six weeks. Free use of the affected wrist for daily activities was then allowed, avoiding heavy loads until 12 weeks after fracture. Assessment of outcome. All patients were examined at six weeks and at three, six and 12 months after injury. The complications were recorded and a research physiotherapist made an analysis of the function of the wrist and hand, including radiocarpal and radio-ulnar pain measured from 0 to 100 on a visual analogue scale (VAS) in terms of intensity. The range of movement for each wrist was measured using a goniometer and grip strength measured for each hand using a JAMAR dynamometer (Therapeutic Equipment Corporation, Clinton, New Jersey). The range of movement and grip strength were translated into percentages of function recovered by the fractured wrist compared with the uninjured side. The final functional results were graded using the clinical scoring system of Green and O'Brien as modified by Bradway, Amadio and Cooney.
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For this scoring system, VAS ratings for pain were divided into three groups: 1 to 29, 30 to 69 and 70 to 100 which were classified respectively as mild, moderate or severe. Anteroposterior and lateral radiographs of the fractured wrist were taken immediately after treatment and at one, two and six weeks and at three, six and 12 months after the fracture. Anteroposterior and lateral radiographs of the contralateral wrist were taken at the initial visit for comparison. The following parameters were measured on each set of radiographs: volar angle, radial angle, radial length, radial width, ulnar variance and intra-articular gap. 2 The presence and evolution of extraosseous cement were assessed radiologically in the SRS cases. Malunion was defined as a dorsal angle greater than 10°, radial shortening greater than 5 mm compared with the contralateral wrist, and/or incongruity of the joint surface greater than 2 mm at 12 months.
2,4
Statistical analysis. Analyses were performed using SPSS 8.0 for Windows software (SPSS Inc, Chicago, Illinois). The similarities or differences between the two groups in terms of initial features, functional results, radiological appearances and complications were analysed using chisquared tests for categorical variables, the Student t-test for continuous variables and, where comparisons included the LaFontaine score, the Mann-Whitney U test. The same tests were used to assess the relation between functional and radiological results. Relative ranges of movement, grip strengths and radiological parameters were analysed using the Pearson correlation coefficients or Spearman rank correlation coefficients, depending on the scale of measurement. The relationship between radiological parameters and the functional result was assessed through an analysis of variance using Bonferroni's multiple comparisons.
Stepwise logistic multiple regression analysis was used finally to adjust the association of both functional and radiological results with the method of treatment. All tests of significance were two-tailed. Statistical significance was established at p < 0.05.
Results
Functional. Patients in the SRS group recovered movement in all planes earlier than the control group (Table III) . The differences in mean movement were statistically significant at six weeks and at three and six months, but thereafter decreased progressively. At six weeks, the SRS group had a greater mean extension of 24.42%, mean flexion of 10.24%, mean pronation of 11.49%, mean supination of 15.78%, mean radial deviation of 29.78% and mean ulnar deviation of 9.84%. At three months, the increased differences in the mean movement had fallen to extension 13.04%, flexion 7.31%, radial deviation 16.56% and ulnar deviation 14.78%; the differences in mean pronation and supination were only 2.52% and 3.05%. After six months, the positive differences were around 10% only for mean flexion and ulnar deviation and less than 5% in the other planes. The SRS group also recovered grip strength earlier, although again differences decreased over time (Table III) . At six weeks, the SRS group had a greater mean grip strength of 16.58%. The respective differences in grip strength at three, six and 12 months were 14.35%, 7.18% and 12%.
The incidences of radiocarpal and radio-ulnar pain were similar in both groups at six weeks but greater in the control group at three, six and 12 months. At six weeks, 36.36% of SRS patients and 41.82% of the control group had radiocarpal pain. The incidence at three, six and 12 months in the SRS and control groups were, respectively, 25.45% v 47.27% (p = 0.018), 14.55% v 38.18% (p = 0.005) and 13.73% v 27.27% (p < 0.01). At six weeks radio-ulnar pain was present in 69.09% of patients in each group. At three, six and 12 months the respective incidences in the SRS and control groups were 18.18% v 45.45% (p = 0.009), 12.82% v 41.82% (p = 0.007) and (Tables IV and V) . According to the modified clinical scoring system of Green and O'Brien, the results in the SRS group at one year were graded as excellent in 30 (54.55%), good in 15 (27.27%), fair in seven (12.72%) and poor in three (5.45%). In the control group, they were excellent in 17 (30.91%), good in 13 (23.64%), fair in 13 (13.64%) and poor in 12 (21.82%). There was a significant difference between the rates of satisfactory (good and excellent) results obtained in the SRS (81.54%) and control (55.55%) groups (p = 0.012).
Radiological. The quality of the initial reduction obtained in both groups was similar. The differences between the SRS and control groups on postreduction radiographs were as follows: mean volar angle, 10. Both groups showed some progressive settling of the fracture, which was greater in the control group (Fig. 1) . Figure 2 shows the radiological evolution in both groups. The mean volar angle at one year was 3.59° in the SRS and -3.19° in the control groups, with losses during follow-up of 7.34° and 14.3°, respectively. The final mean radial length, expressed as its excess over the length of the ulna, was 7.31 mm in the SRS and 4.65 mm in the control groups; they had lost 3.8 mm and 6.1 mm, respectively. In the SRS group, the mean radial width increased from the initial 0.16 mm to 0.74 mm at one year, whereas in the control group it increased from 0.22 mm to 1.57 mm. The mean ulnar variance decreased from -1.05 mm to -0.25 mm in the SRS and from -1.18 mm to +1.26 mm in the control groups, with mean losses at one year of 0.77 mm and 2.44 mm, respectively. All these differences were statistically significant (p < 0.01). By contrast, with the available data the differences in the radial angle and intra-articular gap were not statistically significant. In the SRS group, the mean radial angle decreased from 22.13° after reduction to 18.62° at one year, with a mean loss of 3.61°. In the control 859 Radiographs of an extra-articular unstable fracture treated by Norian SRS and immobilisation in a cast for two weeks showing a) AP views before treatment, at six weeks and at one year and b) lateral views before treatment, at six months and at one year (top to bottom). Note the stability provided by SRS in this case with no changes in radiological position from six weeks to one year. group, the mean radial angle measured 22.29° initially and 16.7° at one year, with a mean loss of 5.59°. The mean intra-articular gap at the final follow-up was 1.27 mm in the SRS and 1.3 in the control groups. Malunion, according to the criteria previously defined, was recognised in ten SRS (18.2%) and 23 control (41.8%) fractures.
TREATMENT OF FRACTURES OF THE DISTAL RADIUS WITH
All radiological measurements at one year showed a significant relationship between radiocarpal and radio-ulnar pain and grip strength, both in the whole series and in the SRS and control groups separately. The range of movement in all planes also showed a significant relationship with most of the radiological measurements at final follow-up. The final radiological position seemed to have more influence on flexion and extension than on the other planes of movement. The volar angle and radial length showed the closest correlation with range of movement. The intraarticular gap had no significant relationship to either pronation or radial deviation. Regression analysis. The three variables with greatest influence on the final functional result were the initial radial length, the type of fracture (A3 or C2) and treatment with or without SRS bone cement, in that order. Once adjusted for other variables, treating a fracture without bone cement multiplied by 12 the probability of having an unsatisfactory result. The four most influential variables on the final radiological result were the initial volar angle, treatment with or without bone cement, age and type of fracture, in that order. After adjustment for other variables, treating a Graphs show a) the mean loss of volar angle, b) the mean loss of radial length, c) the mean increase in radial width, d) the mean loss of ulnar variance, e) the mean loss of radial angle, and f) the mean increase in intra-articular gap for up to 12 months for both groups.
fracture without bone cement multiplied by 11 the probability of malunion.
Complications. The specific complications detected in both groups are summarised in Table VI . There were no differences between the rates of compression of the median nerve, reflex sympathetic dystrophy (RSD) or rupture of extensor pollicis longus in the two groups. One patient in the SRS group fell at home and refractured her distal radius three months after the initial injury. The new fracture united in a good position, but the patient still suffers from RSD and her final result is poor. Extrusion of bone cement from within the radius occurred in 38 patients (69.1% of SRS cases). Deposits were located in the soft tissues; 27 (49.1%) patients had deposits in the dorsal soft tissues, four (7.3%) had deposits in the volar aspect and seven (12.7%) had both. There were fewer extraosseous deposits in the patients treated towards the end of the study, reflecting improving surgical technique. Such extrusion occurred in 24 of the first 27 patients treated (88.9%) and in 14 of the remaining 28 (50%). This difference is statistically significant (p < 0.01). None of the 11 volar deposits gave symptoms; in particular, compression of the median nerve was not found. By contrast, 30 of the 34 patients (88.2%) with dorsal soft-tissue extrusion had transient discomfort.
Extraosseous deposits progressively decreased during follow-up (Fig. 3) , and disappeared completely in 20 of the 38 patients, but persisted in the other 18 (32.73%). One patient in the SRS group had an intra-articular extension of the fracture with extrusion of cement into the radiocarpal joint, requiring surgical removal because of pain. None of the SRS patients showed signs of superficial or deep infection. There was no significant relationship between extraosseous deposits and other complications, including malunion, nerve compression or tendon rupture.
Discussion
The injection of a remodellable bone cement into the trabecular defect in fractures of the distal radius with cast support for two weeks, provides better clinical and radiological results than conventional treatment in patients over 50 years of age. The range of movement and strength of grip were restored earlier and to a greater extent in patients treated with Norian SRS. Structural reinforcement with this bone cement, however, does not completely eliminate settling of the fracture. Fracture of the distal radius in the elderly results in a metaphyseal trabecular defect which leads to progressive redisplacement after reduction.
1,2 Immobilisation in a cast, external fixation and internal fixation with either Kirschner wires or plates are the methods commonly used to try to hold the fracture in a good position until the trabecular defect is filled with new bone. 2 In many cases, however, reduction is not maintained leading to an unsatisfactory outcome. 6 Non-bridging external fixation has recently been reported to maintain reduction and restore grip strength and range of movement after this fracture. 22 An alternative approach to deal with the trabecular defect is to fill it primarily with a material which provides immediate structural support, a technique commonly used in other fractures such as those of the tibial plateau. When bone graft or PMMA has been used for structural reinforcement shorter times for immobilisation are achieved with satisfactory functional and anatomical results. [6] [7] [8] [9] [10] Remodellable bone cements such as Norian SRS can be used in a similar way to provide immediate stability and to shorten the length of immobilisation, with the added advantages of availability, biological acceptance and high compressive strength. [15] [16] [17] [18] [19] The choice of conservative treatment for the control group in our study is debatable. Immobilisation in a cast is known to be unsuccessful for unstable fractures of the distal radius, 1 but other techniques including open bone grafting and bridging external fixation give similar functional results. 6 Conservative treatment allows a comparison in which only two variables changed between the groups under study, namely treatment with or without SRS and the length of immobilisation. The results of conservative treatment in our control group are similar to those published by other authors 1, 3, 4 who consider it to be unsatisfactory for unstable fractures. In our study, wrist and hand function was restored earlier in the SRS group, probably as a result of the shorter period of immobilisation. Other authors have reported the same functional benefits from structural reinforcement and early movement when compared with treatment imposing more prolonged immobilisation. PMMA with immobilisation in a cast for two weeks provided earlier functional recovery than both conservative treatment 9 and bridging external fixation. 10 Function was also restored more quickly with SRS and immobilisation in a cast for two weeks than with external fixation for five weeks. 19 Non-bridging external fixation also allows early wrist movement and consequently achieves earlier functional restoration, but when structural reinforcement has not been combined with shorter immobilisation, no functional difference has been seen compared with conservative treatment or external fixation. 6 Whereas a short period of immobilisation is essential for early functional recovery, the long-term results seem to be determined by the restoration of the anatomy [2] [3] [4] and by the rates of complication. 23 In one study, PMMA and immobilisation in a cast provided a better radiological outcome than conservative treatment; the final functional results were also superior with PMMA. 9 Our findings with SRS are similar: we observed a better radiological outcome than with conservative treatment and better final function. The rate of malunion, however, in our SRS group was 18.2%; the combination of SRS with immobilisation in a cast cannot be considered to be a reliable method of preventing malunion in distal radial fractures. When structural reinforcement, including autograft, 6 PMMA 10 or Norian SRS, 19 has been compared with bridging external fixation, no differences have been found in the initial radiological or functional results. When, however, the time of immobilisation has been shortened without the addition of structural reinforcement, the radiological and final functional results have not been as satisfactory. This has been shown with both functional treatment 24 and dynamic external fixation. 6, 25 Extraosseous extrusion of bone cement was the main complication of treatment with SRS. Volar soft-tissue deposits were asymptomatic but dorsal extrusions caused transient discomfort. Fortunately, as experience is gained, accidental extraosseous deposits occur less frequently. Furthermore, soft-tissue deposits tend to disappear spontaneously 17, 18 (Fig. 3 ). An intra-articular deposit of SRS occurred in one patient; it was symptomatic and required surgical removal. This complication has not previously been reported and every effort should be made to avoid it, by anatomical reduction of the intra-articular fracture lines, stabilisation with Kirschner wires, and careful injection, initially sealing the intra-articular lines with a bolus of SRS cement. Other complications do not seem to be influenced by the use of SRS. 19 Infection did not occur in any of our patients and has not been reported by other authors. This compares favourably with external fixation in which pintrack infection commonly occurs.
5,10
The incidence of major complications related to harvesting of autogenous bone graft, such as vascular or nerve lesions, abdominal hernias, pelvic fractures or hip subluxation has varied from 3.4% to 8.6% and additional minor complications, such as prolonged serous drainage, haematoma, infection, pain or gluteal anaesthesia occur in 6% to 10%.
11,12 PMMA can cause thermal or toxic local lesions and occasionally impedes union of the fracture; late loosening can occur. 14, 16 SRS is readily available and biocompatible. Studies in vivo have shown that it is remodelled into natural bone, 15 although this seems to occur slowly in the distal radius in man.
Our results have shown that, compared with conservative treatment, the use of Norian SRS requires immobilisation of the wrist for only two weeks after fracture of the distal radius and decreases the rate of redisplacement of the fracture. This in turn provides earlier functional recovery and a better final result. The rate of malunion, however, after this method of treatment may call for additional support or fixation in selected cases.
